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SPECIFICATION 

METHOD AND DEVICE FOR MEASURING MOISTURE CONTENT 

5 HELD OF THE INVENTION 
[0001] 

The present invention relates to a method and a device used for 
measuring moisture content or moisture percentage of a sheet-material, such 
as paper, non^woven fabric, and film, by using resonance of microwaves. 

10 

BACKGROUND ART 
[0002] 

Conventionally, with respect to the method of measuring the moisture 
content or moisture percentage of a sheet-shaped material, methods utilizing 

1 5 absorption of infrared rays and methods utilizing microwaves have been used. 

The method utilizing absorption of infrared rays tends to absorb infrared 
rays from an ambient heat source, and is consequently subjected to influences 
from disturbance heat, with the result that it sometimes fails to accurately 
measure the moisture content or moisture percentage. Moreover, the method 

20 utilizing absorption of infrared rays is considered to have difficulty in measuring 
a fine amount of moisture, and fails to measure the moisture content or 
moisture percentage of a sheet-shaped specimen such as a film on which an 
organic substance is applied. 
[0003] 

25 The first example of the method utilizing microwaves is a method utilizing 

traveling waves. Such a method has been devised in which: a sheet-shaped 
specimen is placed so as to be made in contact with a microwave wave guide 
path, and as microwaves proceed through the wave guide path while being made 
in contact with the specimen, the power of the microwaves is gradually 

30 decreased by the moisture. For example, Japanese Examined Patent 



Publication No. 47-9080 describes a device that measures moisture content of 
a specimen by using a microwave horn antenna. However many inventions of 
this type have been applied. 
[0004] 

5 However, the method in which the traveling waves of microwaves are 

utilized is different from a method utilizing resonance to which the present 
invention is directed. When microwaves come into contact with a specimen, 
return waves reflected from the specimen collide with traveling waves on the 
way to return to be composed into a standing wave; however, this wave is 

1 0 completely different from a standing wave resulting from resonance that relates 
to the present invention physically as well as on a basis of an electric circuit 
The standing waves derived from both reflection and resonance are similar to 
each other in that with respect to a certain fixed position on fixed coordinates, 
a position at which an electric field and a magnetic field are set to zero and a 

1 5 position at which those become greatest are unchanged; however, since the 
standing wave derived from reflection is not resonance, a resonance curve is 
not obtained. The resonance refers to a resonance state on an electric circuit 
basis, that is, three factors including inductance U capacitance C and 
resistance R need to be included in a measuring system provided with a 

20 resonator, and a resonance condition that reactance components become zero 
at a resonance point needs to be satisfied. 
[0005] 

The second example of the method utilizing microwaves is a method 
utilizing resonance. 

25 Japanese Examined Patent Publication No. 58-30534 describes a method 

in which moisture content is measured by using a cavity resonator. In this 
case, a cavity resonator is used in which: a pair of wave guides that are placed 
in a manner so as to sandwich a specimen, with flanges being respectively 
attached outward to openings thereof adjacent to the specimen, and these 

30 flanges are facing to be capacitive-coupled with each other. 



[0006] 

Japanese Patent Application Laid-Open No. 62-238447 has proposed a 
method in which a resonance frequency and a peak voltage in a cavity 
resonator are measured so that both moisture and basis weight are calculated 
5 from a characteristic equation; however, no description has been given on the 
structure of the cavity resonator itself. The measuring method of Japanese 
Patent Application Laid-Open No. 62-238447 describes that by finding that the 
moisture "X" and the basis weight "Y" do not devote to measured data of the 
frequency "f" and voltage "v" at the resonance peak level of microwaves in an 
10 independent manner respectively and that both of the moisture "X" and the 
basis weight "Y" are correlated with each other, both the moisture and basis 
weight can be calculated only by using a characteristic equation. 
[0007] 

Japanese Patent Application Laid-Open No. 62-1 69041 has described a 
1 5 device in which a plurality of cavity resonators are arranged to measure 
moisture content; however, the cavity resonator used in this case is a 
re-entrant type cavity resonator. The re-entrant type cavity resonator does 
not regulate the electric field distribution, and its electric field vector is not 
made in parallel with the sheet face of a sheet-shaped specimen. For this 
20 reason, the volume of the specimen that interacts with the electric filed is small, 
failing to provide sufficient measuring accuracy. 
[0008] 

Japanese Examined Patent Publication No. 6-58331 has also described a 
moisture measuring process using a cavity resonator; however, the cavity 
25 resonator used in this process has a convex portion at a position corresponding 
to a measuring portion of the cavity resonator. 

Japanese Patent Application Laid-Open No.62-1 69041 and Japanese 
Examined Patent Publication No.6-58331 also illustrate a normal cavity 
resonator in which the openings of a pair of wave guides are placed so as to 
30 face a specimen as a prior-art device; however, the cavity resonator of this 



type has a low Q value, failing to provide measurements with high accuracy. 



DISCLOSURE OF THE INVENTION 
OBJECTIVE OF THE INVENTION 
5 [0009] 

The objective of the present invention is to provide a method and a device 
which makes it possible to measure the moisture content or the moisture 
percentage of a sheet-shaped material such as paper and films with superior 
measuring sensitivity and high accuracy even in the case of a fine amount of 
1 0 moisture, without being influenced by disturbance such as a heat source. 

MEANS FOR SOLVING PROBLEM 
[0010] 

A method of measuring moisture content in accordance with the present 
1 5 invention also uses a microwave cavity resonator; however, the cavity resonator 
of the present invention is provided with two iris plates holed which are 
arranged vertically in the direction of a tube axis at mid points of a wave guide, 
so that a resonator portion is formed between the iris plates and a traveling 
wave portion is formed outside of each of the iris plates, and with a slit in which 
20 a specimen is disposed being placed in a manner so as to cross the resonator 
portion. Moreover, the measuring frequency is limited to a predetermined 
range between 1 to 25 GHz, and the moisture content or the moisture 
percentage of the specimen is determined based upon a difference in measured 
resonance peak levels between cases when the specimen is not present in the 
25 slit and the specimen is present in the slit 
[0011] 

Moreover, the measuring device of the present invention includes: a 
microwave cavity resonator that is provided with two holed iris plates which are 
arranged vertically in the direction of a tube axis at mid points of a wave guide 
30 so that a resonator portion is formed between the iris plates and a traveling 



wave portion is formed outside of each of the iris plates, and with a slit in which 
a specimen is disposed being placed in a manner so as to cross the resonator 
portion; a microwave sweep oscillator which is connected to one of the pair of 
traveling wave portions and oscillates at a frequency in a predetermined range 
5 between 1 to 25 GHz; a microwave intensity receiver that is connected to the 
other of the pair of traveling wave portions; and a data processing device which, 
upon receipt of a signal from the microwave intensity receiver, detects a peak 
level, and determines the moisture content or the moisture percentage of a 
specimen based upon the difference in measured resonance peak level between 
1 0 cases when the specimen is not present in the slit and the specimen is present 
in the slit 
[0012] 

A microwave cavity resonator to be used in the present invention is 
shown in Fig. 2 or Fig. 3. The microwave cavity resonator shown in Fig. 2 has a 

1 5 wave guide 2A that is constituted by wave guide portions 4a, 4b, 6a and 6b. 

Two holed iris plates 8a and 8b are arranged vertically in the direction of a tube 
axis at mid points of a wave guide 2A. Resonator portions 4a and 4b are 
formed between the iris plates 8a and 8b, with the outside portions of the iris 
plates 8a and 8b respectively forming traveling wave portions 6a and 6b. The 

20 microwave cavity resonator has a slit 12 in which a specimen 10 is disposed 
being placed in a manner so as to cross the resonator portions 4a and 4b. A 
microwave sweep oscillator that oscillates at a frequency in a predetermined 
range between 1 to 25 GHz is connected to one of the traveling wave portions 
6a, and a microwave intensity receiver is connected to the other traveling wave 

25 portion 6b. Reference numerals 14a and 14b respectively indicate antennas 
attached to the respective traveling wave portions 6a and 6b, and the antenna 
1 4a is connected to the microwave sweep oscillator, while the antenna 1 4b is 
connected to the microwave intensity receiver. 
[0013] 

30 The microwave cavity resonator shown in Fig. 3 has a wave guide 2B 



which is constituted by wave guide portions 4a, 4b, 4a, 4b, 1 6a and 1 6b. One 
of the paired traveling wave portions is constituted by a wave guide portion 1 6a 
adjacent to one of the iris plates 8a and another wave guide portion 6a, 
connected to this wave guide portion 1 6a, which is connected to the microwave 
5 sweep oscillator, and the other of the paired traveling wave portions is 

constituted by a wave guide portion 1 6b adjacent to the other iris plate 8b and 
another wave guide portion 6b, connected to this guide portion 1 6b, which is 
connected to the microwave intensity receiver. 
[0014] 

1 0 The microwave cavity resonator in Fig. 3 is different from the microwave 

cavity resonator in Fig. 2 in that the wave guide portion 1 6a is further placed 
between the wave guide portion 6a of the traveling wave portion connected to 
the microwave sweep oscillator and the iris plate 8a, with the wave guide 
portion 1 6b being further placed between the wave guide portion 6b of the 

1 5 traveling wave portion connected to the microwave intensity receiver and the 
iris plate 8b. Both of the wave guide portions 16a and 16b correspond to the 
traveling wave portions. 
[0015] 

In the present invention, microwaves are resonated in the resonator, and a 
20 specimen is placed in the resonator or in the vicinity of the resonator so that 
the moisture content or the moisture percentage contained in the specimen is 
measured from the resonance characteristic of the resonator system including 
the specimen. 

Upon resonance in the microwave resonator, a resonance curve as shown 
25 in Fig. 4 is obtained. The resonance curve on the right side is a resonance 
curve in a state without a specimen (blank). When a specimen is present 
inside the resonator or in the vicinity thereof, the resonance frequency is 
shifted toward the low frequency side as indicated by a resonance curve on the 
left side by a dielectric constant possessed by the specimen, while the peak 
30 level is lowered due to the dielectric loss factor, resulting in a reduction in Q 



value. 
[0016] 

This phenomenon is explained through various methods, and as shown in 
Fig. 5, it is also explained by a theory of an LCR resonance circuit constituted 
5 by an inductance L, a capacitance C and a resistance R. In the cavity 

resonator of the present invention, the irises form a reactance component and 
a capacitance component, and a resistance component from the wave guide 
wall is added to this so that the LCR resonance circuit is formed. The 
dielectric constant of a specimen corresponds to the capacitance C and the 

1 0 dielectric loss factor corresponds to the resistance R so that these are 
equivalent to the coupling of L, C and R of the resonator through 
electromagnetic coupling. Therefore, when the specimen is present, the 
capacitance C increases, making the resonance frequency f(f= ^/{2^^ (LC) 1/2 } 
smaller. Simultaneously, the resistance R increases due to the dielectric loss 

1 5 factor of the specimen while the peak level reduces, making the Q value smaller. 
Moreover, since a cavity resonator is used in the present invention, the 
same phenomenon can also be explained by the perturbation theory; however, 
the explanation will be omitted here. 
[0017] 

20 By taking into consideration that the peak level of a resonance curve 

changes due to this dielectric loss factor, the present invention measures the 
moisture content or moisture percentage. 

Generally, the dielectric loss factor of a generally-used film is in the order 
of 1 0" 4 to 1 0" 2 , while that of paper is in the order of 1 0" 2 to 1 0" 1 . In contrast, 

25 the dielectric loss factor of water is 13.1 (at 3GHz), which is 100 times to 
100000 times greater than that of the generally-used film and paper. In 
addition, in the case of the generally-used film, the dielectric loss factor is 
changed virtually only by moisture and crystallinity in a microwave range of, for 
example, about 4GHz, and with the exception of these, the other factors do not 

30 increase the dielectric loss factor of the film. The change in dielectric loss 

7 



factor due to the crystallinity is actually dependent on the amount of absorption 
of microwave energy by molecular movements in a noncrystal portion 
(amorphous portion) of the film; therefore, for example, in the case of a PET 
(polyethylene terephthalate) film, the dielectric loss factor is in the order of 10~ 2 
5 to 1 0~ 3 , which is very small, and almost no change occurs as long as it is used 
under an environment having a temperature lower than the glass transition 
temperature (Tg). Consequently, if the dielectric loss factor of a 
generally-used film had changed, it is considered that the change is caused by 
moisture. 
10 [0018] 

Based upon this idea, the inventors drew their attention to the dielectric 
loss factor and have devised a novel moisture content measuring method. In 
other words, they have devised a method of measuring the peak level of a 
resonance curve in real time, thereby making it possible to measure the 
1 5 moisture content of a sheet-shaped material such as a polymer film in an 
on-line state. 
[0019] 

Through trial and error, the inventors have found that by using a method in 
which a microwave cavity resonator having iris plates as shown in Figs. 2 and 3 

20 is used with the measuring frequency being selected to an appropriate range 

between 1 to 25 GHz as an optimal frequency range for microwaves to be used, 
measurements with higher accuracy are achieved stably in comparison with the 
conventional method of measuring the amount of damping in the traveling wave, 
and the peak level of a resonance curve can be found positively so that it 

25 becomes possible to carry out stable measurements without being influenced 
by the dielectric constant that is, the capacitance of the specimen. 
[0020] 

The method and device of the present invention will be compared with 
those of devices using a conventional microwave cavrty resonator. 
30 In measurements by using a microwave cavity resonator, when a specimen 



is inserted in the microwave cavity resonator, the resonance frequency must 
always be shifted toward the low frequency side due to a dielectric constant of 
the specimen. However, Japanese Examined Patent Publication No. 58-30534 
describes that the resonance frequency is shifted toward the high frequency 
5 side. This description is completely opposite to that of the present invention in 
understanding on the principle on the relationships among the dielectric 
constant dielectric loss factor and resonance curve, and judging from the 
principle of resonance, it is impossible for the resonance frequency to shift 
toward the higher side as a result of insertion of a specimen, in comparison with 

1 0 the state in which no specimen is present (in the case of negative dielectric 

constant it is shifted toward the higher side; however, the dielectric constant is 
always positive). If the description of Japanese Examined Patent Publication 
No. 58-30534 is correct its principle and basic ideas are completely different 
from those of the present invention. 

15 [0021] 

Moreover, the mechanism of Japanese Examined Patent Publication No. 
58-30534 that allows the resonator to resonate is different from that of the 
present invention. That is to say, Japanese Examined Patent Publication No. 
58-30534 describes that "flanges 1 2 2 and 1 3 2 facing each other are respectively 

20 attached to openings 1 2 1 and 1 3 } outwardly, and these flanges 1 2 2 and 1 3 2 are 
capacitive-coupled to each other to form a cavity resonator 1 1 (see lines 1 to 5 
from the bottom of the 2nd column)"; however, the cavity resonator used in the 
present invention requires no flanges, and the mechanism forming the cavity 
resonator and the constituent elements are different from those of the 

25 reference. The cavity resonator of the present invention is characterized in 
that as shown in Fig. 2, a wave guide is used, with plates having holes referred 
to as irises being inserted in the mid portions. The portion from an outer end 
to each of the irises corresponds to a traveling wave portion, and a portion 
between the irises corresponds to a cavity resonator, that is, a standings-wave 

30 portion. Here, the irises form a reactance component and a capacitance 



component, and a resistance component from the wave guide wall is added to 
this to form an LCR resonance circuit, which basically makes the present 
invention different from the cavity resonator of Japanese Examined Patent 
Publication No. 58-30534. 
5 [0022] 

Japanese Patent Application Laid-Open No. 62-238447 also discloses a 
method in which both the moisture and basis weight are calculated based upon 
a characteristic equation using the resonance frequency and the peak voltage 
measured by a cavity resonator. However, this idea indicates that the 

10 moisture and the basic weight can be respectively calculated only by using the 
characteristic equation based on finding the fact that the moisture "X" and the 
basis weight "Y" do not devote to measured data of the frequency "f 9 and 
voltage "v" at the resonance peak level of a microwave in an independent 
manner respectively and that the moisture "X" and the basis weight "Y" 

1 5 correlate with each other. In contrast the present invention is formed based 
upon the basic ideas that the resonance frequency is shifted toward the lower 
side due to a dielectric constant of a specimen and that the peak level is shifted 
toward the lower side due to a dielectric loss factor of the specimen. Here, it 
is noted that the dielectric loss factor of water is 13.1 (frequency: 3GHz), which 

20 is 1 0000 times to 1 00000 times greater than that of a film that is in the order of 
1 0" 3 to 1 0" 4 . The other factor except for moisture that makes the dielectric 
loss factor greater is only the dielectric loss due to molecular movements in 
amorphous parts of polymer, which is in the order of 10~ 3 and very small, 
causing no problems. Therefore, there is a basic idea that the moisture 

25 content can be measured by taking only the dielectric loss factor into 

consideration, and this idea makes the present invention basically different from 

Japanese Patent Application Laid-Open No. 62-238447. 

[0023] 

Japanese Patent Application Laid-Open No. 62-1 69041 describes that a 
30 plurality of cavity resonators are arranged so as to measure the moisture 



content; however, the cavity resonators used in this case are re-entrant type 
cavity resonators, which are different from the cavity resonator provided with 
iris plates that is used in the present invention. The re-entrant type cavity 
resonator does not regulate the electric field distribution and is different from 
5 the present invention in that its electric field vector is not made in parallel with 
the sheet face of a sheet-shaped specimen. When the electric field is made in 
parallel with the sheet face as in the case of the present invention, the volume 
of the specimen that interacts with the electric field becomes greater, making it 
possible to greatly improve the measuring accuracy in comparison with the case 
10 in which the electric field and the sheet are perpendicular to each other; 

however, the re-entrant type cavity resonator fails to achieve such effects. 
[0024] 

Japanese Examined Patent Publication No. 6-58331 also describes 
moisture measurements by the use of a cavity resonator; however, a cavity 

1 5 resonator in which a convex portion is formed at a position corresponding to a 
measuring portion is used, and any of the structure, electric field distribution 
and resonance mode are different from those of the cavity resonator of the 
present invention. As described in the Patent Document, this structure is 
adopted since rt is difficult to actually form a complete rectangular 

20 parallelepiped structure; however, the structure is completely different from the 
structure of the present invention in which no convex portion is formed inside 
the wave guide. 
[0025] 

In the present invention, the moisture content or moisture percentage of a 
25 specimen may be determined based upon a value obtained by dividing the 

difference in resonance peak level between the presence and absence of the 
specimen by a difference in resonance frequency between the presence and 
absence of the specimen. 

Measurements are carried out on a specimen of a film substrate bearing a 
30 coat layer on the surface thereof as well as on a specimen of a film substrate 



without the coat layer, and the moisture content or the moisture percentage of 
only the coat layer can be determined by subtracting the measured value of the 
specimen without the coat layer from the measured value of the specimen with 
the coat layer. 
5 [0026] 

In the same manner, measurements are carried out on a specimen of a 
film substrate bearing a plurality of coat layers laminated on the surface thereof 
as well as on a specimen of a film substrate bearing coat layers except for the 
outermost coat layer of the coat layers, and the moisture content or the 
1 0 moisture percentage of only the outermost coat layer can be determined by 
subtracting the measured value of the specimen without the outermost coat 
layer of the coat layers from the measured value of the specimen with the 
plurality of coat layers. 
[0027] 

15 In the microwave cavity resonator, it is preferred that holes of the iris 

plates are positioned on a tube axis. With respect to the holes of the iris 
plates, as the diameter thereof becomes larger, the microwave permeation 
intensity becomes greater, while the Q value becomes smaller. In contrast as 
the diameter thereof becomes smaller, although the Q value becomes greater, 

20 the microwave permeation intensity becomes smaller. From the viewpoint of 
measuring the moisture content or the moisture percentage of a specimen, the 
hole diameter of each of the iris plates is appropriately set in a range from 1 to 
20 mm. 
[0028] 

25 The appropriate hole diameter of each iris plate is different depending on 

the frequency bands of microwaves. For example, with respect to a 4GHz 
band, the hole diameter is appropriately set in a range from 1 0 to 13 mm, and in 
this case, the Q 0 value (Q value without any specimen) is about 6000. With 
respect to a 1 2GHz band, the hole diameter is appropriately set in a range from 

30 3.5 to 4.0 mm, and in this case the Q 0 value is about 5400. Moreover, with 

12 



respect to a 1 9GHz band, the hole diameter is appropriately set in a range from 

2.2 to 2.6 mm, and in this case the Q 0 value is about 4400. 

[0029] 

The dimension of the resonator portion of the microwave cavity resonator 
5 is preferably set to a dimension at which the resonance mode is indicated by 
TE 10n (n = 1, 2, 3, ■■-), and the slit in which a specimen is placed is preferably 
disposed at a position that allows the electric field vector to have the maximum 
value. 

The dimension of the resonator portion is dependent on the frequency of 
1 0 microwaves to be used for measurements, and for example, it is appropriately 
set in a range of 5 to 30 cm. For example, in the case of the microwave 
frequency of 4GHz, when a gap (width of a slrt in which a specimen is placed) is 
4 mm under TE 103 mode, the resonator portion is appropriately set to a 
dimension of 147.2 mm, and in the case of the microwave frequency of 12GHz, 
1 5 when a gap is 4 mm under TE 105 mode, the resonator portion is appropriately set 
to a dimension of 91.6 mm. 
[0030] 

Both the wave guide to which the microwave sweep oscillator is 
connected and the wave guide to which the microwave intensity receiver is 

20 connected may be prepared as coaxial wave guide converters with one-sided 
flanges. Since such commercially available coaxial wave guide converters with 
one-sided flanges can be used, this structure can be easily achieved. 

The measuring device of the present invention may be further provided 
with a specimen supplying mechanism for continuously supplying specimens to 

25 the slit of a microwave cavity resonator so as to become an on-line measuring 
device that continuously measures the specimens. 
[0031] 

The present invention may be designed to have a structure in which: the 
temperature dependency of the resonance peak level has been preliminarily 
30 measured, a temperature of the microwave cavity resonator, a temperature of 

13 



the surroundings of the slit or a temperature of the specimen when measuring 
the specimen is detected, and the measured resonance peak level value is 
corrected based upon the temperature dependency by using the detected 
temperature. 
5 [0032] 

In order to carry out such a temperature correction, the moisture content 
measuring device of the present invention may be further provided with: a 
temperature dependency value storage unit that stores a preliminarily measured 
temperature dependency of the resonance peak level; and a temperature 

10 sensor which detects a temperature of the microwave cavity resonator, a 
temperature of the surroundings of the slit or a temperature of the specimen 
when measuring the specimen. Further, the data processing device may be 
provided with a correction means that corrects the resonance peak level 
measured value based upon the temperature dependency stored in the 

15 temperature dependency value storage unit by using the detected temperature 
from the temperature sensor. 
[0033] 

If such an on-line measuring device is formed, it is preferable to prepare 
measures for preventing a specimen and the microwave cavity resonator from 

20 coming into contact with each other. With respect to the measures for 

preventing the specimen from coming into contact with the microwave cavity 
resonator when the specimen is directed to the slit, a guide having a specific 
shape for guiding the specimen to the slit may be attached to an end portion of 
the slit side on the outside face of an E face of the wave guide of the 

25 microwave cavity resonator. 
[0034] 

With respect to the measures for preventing the specimen from coming 
into contact with the microwave cavity resonator when the specimen is moving 
through the slit, proximity sensors, which are placed in the vicinity of the slit at 
30 opposing positions with respective gaps to the surface and rear face of the 



specimen that passes through the slit, and a fluctuation detecting unit, which 
detects a fluctuation of the specimen that passes through the slit from the 
detected values of the proximity sensors, may be installed. Further, a save 
mechanism, which keeps away the microwave cavity resonator from the 
5 specimen when a detected fluctuation width obtained from the fluctuation 
detecting unit exceeds a predetermined reference value, may be further 
installed. 

EFFECT OF THE INVENTION 
10 [0035] 

In the measuring method and device in accordance with the present 
invention, a microwave cavity resonator provided with iris plates is used and the 
measuring frequency of microwaves to be used is set in a predetermined range 
between 1 to 25GHz so that the moisture content or the moisture percentage 

15 of a specimen is measured based upon a difference between a resonance peak 
level with a specimen and a resonance peak level without a specimen; therefore, 
it becomes possible to measure the moisture content or the moisture 
percentage of a sheet-shaped material with superior measuring sensitivity and 
high accuracy even in the case of a fine amount of moisture, without being 

20 influenced by disturbance such as a heat source. 
[0036] 

In the case that the moisture content is determined based upon a value 
obtained by dividing a difference in resonance peak levels between the 
presence and absence of the specimen by a difference in resonance 
25 frequencies between the presence and absence of the specimen, specimens 
having various different thicknesses can be measured without having to 
measure the thickness of each of the specimens in a separate manner. 
[0037] 

Among moisture content measuring devices, with respect to a method 
30 that has been realized as a so-called on-line measuring device that allows 



measurements of a specimen during its travel, hardly any method except for a 
method using infrared-ray absorption has been found. This method using the 
infrared-ray absorption is difficult to use for measuring a film-shaped specimen; 
in contrast the present invention makes it possible to carry out on-line 
5 measurements on a film-shaped specimen. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0038] 

Fig. 1 shows a schematic structure of a moisture content measuring 

1 0 device in accordance with one embodiment; Fig. 6 shows a schematic block 
diagram that indicates flows of signals; and Fig. 7 is a time chart 

A specimen 10 is allowed to travel in contact with or in the vicinity of a 
microwave cavity resonator 1 so that a resonance peak level is measured in 
real time. This microwave cavity resonator 1 has a structure shown in Fig. 2 or 

1 5 Fig. 3, and as schematically shown in Fig. 1 , two holed iris plates 8a and 8b are 
arranged vertically on a tube axis at the mid point of a wave guide. Each of 
these iris plates 8a and 8b has one hole positioned on the tube axis of the wave 
guide. Resonator portions 4a and 4b are formed between the iris plates 8a and 
8b, and a slit 12 in which a specimen 10 is placed is formed in a manner so as to 

20 cross the resonator portions 4a and 4b. The outside portions 6a and 6b (in the 
case of Fig. 3, 1 6a and 1 6b are included) of the iris plates 8a and 8b form 
traveling wave portions. An exciter antenna 1 4a is attached to one of the 
traveling wave portions 6a, and a microwave sweep oscillator 20 that oscillates 
at a frequency in a predetermined range between 1 to 25GHz is connected to 

25 the antenna 1 4a. An antenna 1 4b is attached to the other traveling wave 

portion 6b, and a microwave intensity receiver constituted by a detector 22, an 
amplifier and A/D (analog/digital) converter 24 is connected to the antenna 1 4b. 
[0039] 

The amplifier and A/D converter 24 of the microwave intensity receiver is 
30 connected to a data processing device. The data processing device includes a 



peak level detector 30 which, upon receipt of a signal from the amplifier and 
A/D converter 24, detects a resonance peak level, a resonance frequency 
detector 32 that detects a resonance frequency and an operation unit 34 that 
determines the moisture content or moisture percentage. 
5 [0040] 

The operation unit 34 determines the moisture content or moisture 
percentage of a specimen 1 0 based upon a difference in resonance peak levels 
between cases when the specimen is not present in the slit 1 2 and the 
specimen 10 is present therein. 

10 Moreover, the operation unit 34 may determine the moisture content of 

the specimen based upon a value obtained by dividing the difference in 
resonance peak level between the presence and absence of the specimen by a 
difference in resonance frequency between the presence and absence of the 
specimen. 

15 [0041] 

Microwaves, released from the microwave sweep oscillator 20, are 
directed to the resonator portions 4a and 4b through the hole of the iris plate 
8a so that resonance occurs in the resonator portions 4a and 4b, and one 
portion thereof is transmitted to the other antenna 1 4b through the hole of the 

20 iris plate 8b so that the resonance level is detected. When a specimen 1 0 is 
placed in the slit 1 2 between the resonance portions 4a and 4b, or placed close 
thereto, the resonance frequency is changed in response to the dielectric 
constant of the specimen 10, and the peak level changes in response to the 
dielectric loss factor. 

25 [0042] 

The resonance level detected by the antenna 1 4b is converted to voltage 
by a detector diode 22. Thereafter, the voltage is directed to a peak detection 
circuit of a data processing device after having been subjected to amplifying and 
A/D converting processes in the amplifier and A/D converter 24. During a 
30 sweeping process, the peak detection circuit acquires 100,000 units of data, and 



simultaneously detects the maximum value (peak level) and the resonance 
frequency. This is repeated about every 50 milliseconds. In actual 
measurements, since the peak level tends to fluctuate due to various noises, 
averaging processes may be carried out so as to conduct stable measurements. 
5 [0043] 

As shown in Fig. 8, as one example used for realizing the structure of Fig. 6, 
the cavity resonator 1 and a vector network analyzer 40 are connected to each 
other so that the peak level of a resonance curve in S 21 mode is sent to a 
personal computer 42 as data through a GP-IB interface; thus, moisture is 
10 measured in real time. By continuously supplying the specimen 10 through the 
supplying mechanism, an on-line measuring device is achieved. 
[0044] 

Upon measuring the moisture content of a specimen of a sheet-shaped 
material such as a film and paper by using such an on-line measuring device, 

1 5 when the cavity resonator is shifted to a measuring position with the specimen 
being placed in the slit of the cavity resonator from a save position apart from 
the specimen, problems tend to arise in which the specimen fails to properly 
enter the slit portion inside the cavity resonator due to irregular movements 
(fluctuations perpendicular to the face) of the specimen during travel or curling 

20 (turning over) of the end portion to come into contact with the wave guide 

portion and in which the specimen is damaged by coming into contact wrth the 

wave guide end portion due to irregular movements. 

[0045] 

In order to solve these problems, as shown in Figs. 9(A) and 9(B), guides 
25 30a and 30b made from resin are attached to the end portions of the slit 12 
side of the wave guide 2. With this arrangement, for example, even when a 
specimen does not have a flat shape, the specimen first comes into contact 
with the guides 30a and 30b, and as the wave guide 2 further proceeds, the 
specimen is directed to the slit 1 2 along the guides 30a and 30b. With this 
30 arrangement, when the wave guide moves from the save position toward the 



measuring position, the specimen is smoothly guided into the slit even if the end 
portion of the specimen is curled. Moreover, even when the sheet-shaped 
specimen has irregular movements while traveling, the specimen is appropriately 
guided by the guides to be set in the slit 
5 [0046] 

With respect to resins used for these guides 30a and 30b, those resins 
having a dielectric constant as small as possible, such as polyethylene, are 
preferably used so as to make microwaves hardly reflected. 

With respect to positions at which the guides 30a and 30b are attached, 

1 0 the ends of the guides are preferably attached to the ends of wave guides, and 
it is necessary to design the arrangement so that the attached guides 30a and 
30b do not cause a reduction in the Q value and resonance peak level. In 
result of experiments, it has been found that the attaching positions are. 
preferably determined, not on an H face as shown in Fig. 9(B), but on an E face 

15 as shown in Fig. 9(A). Here, the E face refers to a face in parallel with an 
electric field inside the wave guide, and the H face refers to a face in parallel 
with a magnetic field inside the wave guide. The results can also be explained 
theoretically. 
[0047] 

20 Figs. 10(B) to 10(D) show electromagnetic field distributions inside the 

cavity resonator in the case of TE 103 mode using a rectangular wave guide. Fig. 
1 0(A) is a perspective view that shows a section of the cavity resonator taken 
in a direction perpendicular to the Z axis, and indicates the E face, H face, as 
well as X, Y and Z directions. Fig. 1 0(B) is a sectional view taken 

25 perpendicularly to the Z axis, Fig. 10(C) is a sectional view taken perpendicularly 
to the X axis, and Fig. 1 0(D) is a sectional view taken perpendicularly to the Y 
axis; and Ey indicates an electric field, and Hx and Hz indicate magnetic fields. 
At each of the end portions, the electric field (Ey) and magnetic fields (Hx, Hz) 
are distributed as shown in the Figures, and when resin is attached to the H 

30 face, the inside electric field intensity becomes stronger (the maximum in the 

19 



center of the lateral direction), with one portion externally leaking, with the 
result that a resonance state is disturbed due to an interaction between the 
leak electric field and the resin to cause absorption or reflection and the 
subsequent reduction in peak level or reduction in Q value. In the case in 
5 which a resin guide is attached to the E face and in the case in which it is 
attached to the H face are compared with the case in which no guide is 
attached, the results as shown in Table 1 are obtained. 
[Table 1] 





Attached to E fece 


Attached to H face 


Without guide 


Q value 


2738 


1473 


2745 


Peak level 


-29.73 dB 


-34.25 dB 


-29.58 dB 


Resonance frequency 


12.49180 GHz 


12.49000 GHz 


12.49200 GHz 



The above-mentioned results clearly indicate that, in comparison with a 
1 0 case in which the guide is attached to the H face, when the guide is attached to 
the E face, it becomes possible to make reductions in the Q value and the peak 
level smaller. 
[0048] 

Moreover, depending on conditions of a specimen and the traveling speed 
1 5 thereof, the specimen fluctuates to be made in contact with the wave guide 

portion of the cavity resonator 1 inside the slit 12 of the cavity resonator 1. In 
order to solve the problem, a mechanism is prepared as shown in Fig. 1 1 , in 
which two distance sensors 32 used for measuring the distance to a specimen 
are installed at the wave guide in a manner so as to sandwich the specimen, and 
20 when an irregular fluctuation exceeds a reference value, the measuring head is 
allowed to readily retreat to a save position. In this example, the cavity 
resonator 1 is supported by arms 34 and 36, and the arm 36 is supported so as 
to move along a slide rail 38 between the save position shown in the Figure and 
the measuring position at which the specimen is interpolated in the slit 1 2. 
25 [0049] 

Fig. 1 2 schematically shows the entire measuring system. (A) shows a 
save position and (B) shows a measuring position. A cavity resonator 1 , 



20 



constituted by a pair of wave guides, corresponds to a measuring head, and this 
is supported by arms 34 and 36 so that this arm 36 is allowed to alternately 
move between the measuring position (B) and the save position (A) through a 
sliding mechanism. 

5 This mechanism may be further revised to design the arms 34 and 36 so 

that the head measuring position is moved over the entire region in the width 
direction of the specimen. With this arrangement, the positional distribution of 
moisture content of the specimen in the width direction can be measured. 
[0050] 

10 The circuit which receives a signal of the distance sensor 32 is' designed 

so that it always releases a digital signal by comparing the measured distance 
with a reference level. When the fluctuation of the specimen is greater than 
the reference value, a solenoid valve in the mechanism for moving the arm 36 is 
turned on upon receipt of the digital signal from the circuit so that the arm 36 is 

1 5 allowed to move through an air force along the slide rail 38 to return to the save 
position at a high speed. 
[0051] 

Conventionally, the specimen was made in contact with the wave guide 
portion due to irregular movements of the specimen to incur damages such as 
20 scratches; however, this method makes the specimen virtually free from 

scratches, making it possible to carry out moisture content measurements in a 
stable manner. 

Two coaxial cables are connected so as to measure the peak level of the 
cavity resonator 1 in real time, for example, by using a network analyzer 40 so 
25 that the measured value is taken in a computer from the network analyzer 40 in 
real time. 
[0052] 

Upon carrying out an onHine measurement, dust, dust particles and the 
like tend to adhere to the end portion and inside of the wave guide portion of 
30 the cavity resonator to cause adverse effects to the measurement In order 
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to prevent such an adhesion, air pipes, nozzles, etc. are preferably attached to 
arms 34 and 36 so that air is regularly blown from the end portion toward the 
inside of the wave guide portion before and after the measuring process. The 
nozzles are preferably placed with a slight distance from the wave guide so as 
5 to reduce adverse effects given to the measurement 
[0053] 

The resonance peak level changes depending on the temperature. For 
this reason, it is preferable to correct the peak level based on the temperature 
change. Therefore, as shown in Fig. 1 3, a temperature dependency value 

1 0 storage unit 42 that stores the temperature dependency, which has been 
measured preliminarily, and a temperature sensor 40 that detects upon 
measuring a specimen the temperature of the surroundings of the microwave 
cavity resonator, the temperature of the slit or the temperature of the 
specimen is preferably installed. Moreover, the data processing device 44 is 

1 5 preferably further provided with a correction means 46 that corrects the 

measured resonance peak level value based upon the temperature dependency 
stored in the temperature dependency value storing unit 42 by using the 
detected temperature from the temperature sensor 40. 

20 Example 1 
[0054] 

Referring to a flow chart shown in Fig. 14, the following description will 
discuss measurements of a specimen having a thickness "t" that is a known 
fixed value. 

25 At step 1 , in a state without a specimen (blank), a resonance peak level P 0 

is preliminarily measured. 

Next at step 2, a resonance peak level P s of the specimen is measured. 
[0055] 

At step 3, the difference AP(= P 0 - P s ) between the two values is 
30 calculated. ThisAP is proportional to a value e 9 -t obtained by multiplying the 
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dielectric loss factor s 9 of the specimen by the thickness "t" of the specimen. 
Therefore, with respect to specimens having the same thickness "t", the 
relationship between the moisture content and AP has been preliminarily 
prepared as a calibration line; thus, based upon the value of AP obtained at step 
5 3, the moisture percentage can be obtained. For example, a specimen is 
moistened under environments of three conditions or more having different 
absolute humidity, and the moisture percentage (weight %) and the value of AP 
are measured under the respective conditions so that a calibration line that 
indicates the relationship between the two factors is preliminarily prepared. 
10 At step 4, the value of AP, obtained at step 3, is applied to the 

above-mentioned calibration line to determine a moisture percentage. In the 
case of on-line measurements, steps 2 to 4 are repeated at the same rate of 
time. 
[0056] 

15 In Examples 1-1 to 1-3 as well as in Comparative Examples 1 and 2, 

cavity resonators of five types having different resonance frequencies in a 
range of 1 to 30GHz were used so that specimens (coated films each including 
one coat layer) were measured. The results are shown in Table 2. 
[Table 2] 





Resonance 
frequency of 
wave guide 


Peak level (dB) 
With specimen Blank 


Applicability to 
coater 


Example 1-1 


4 GHz 


-11.50 


-7.78 


O 


Example 1-2 


12 GHz 


-36.01 


-33.64 


o 


Example 1-3 


19 GHz 


-53.21 


-52.02 


o 


Comparative 
Example 1 


0.5 GHz 


Immeasurable 


X 


Comparative 
Example 2 


30 GHz 


-68.23 


-68.21 


O 



20 [0057] 

The above results indicate that in the case of a resonance frequency of 
30GHz, a certain measurement is available. However, a measuring area 
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becomes smaller due to the smaller dimension of a resonator at a frequency 
beyond the frequency to cause a reduction in the measuring sensitivity, and a 
centering adjustment, which is carried out to allow the paired resonators to be 
aligned face to face in parallel with each other, becomes difficult as well as the 
5 price of the oscillators becomes more expensive due to the shorter wavelength. 
Therefore, this frequency is not practical in use. Moreover, in the case of a 
frequency of 0.5GHz or less, since the dimension of a resonator becomes 
greater beyond a level of several tens of centimeters, and since the dielectric 
loss factor of water also becomes smaller, it is difficult to carry out practical 
1 0 measurements. The appropriate measuring frequency is in a range from 1 to 
25 GHz. 



Example 2 
[0058] 

1 5 Referring to a flow chart shown in Fig. 1 5, the following description will 

discuss a method of measuring a specimen having a thickness that is not fixed. 

At step 1 , in a state without a specimen (blank), a resonance peak level P 0 
and a resonance frequency F 0 are preliminarily measured. 

Next, at step 2, a resonance peak level P s and a resonance frequency F s 
20 of a specimen are measured. 

At step 3, a difference AP(= P 0 - P s ) in peak levels between the blank 
state and the specimen is calculated. 
[0059] 

At step 4, a difference AF in resonance frequencies between the blank 
25 state and the specimen is calculated. 

In the cavity resonator, the dielectric constant s is represented by the 
following equation (1): 

e -1 =K1 x AF/t (1) 
Here, as described earlier, sjnce AP is proportional to a value e' 9 -t, the following 
30 equation (2) is obtained: 
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e" = K2 x AP/t (2) 
Here, K1 and K2 are respectively device constants. 
[0060] 

When "t" is eliminated from the equations (1) and (2), the following 
5 equation (3) is obtained: 

e ' = K2/K1-(e' - 1) x AP/AF (3) 
When the dielectric constant e' is constant, equation (3) is represented by 
equation (4): 

8 M = K3 X (AP/AF) (4) 
1 0 Here, K3 is a constant 
[0061] 

In other words, in the case of when the quantity of moisture is small with 
respect to the specimen film, that is, s is constant s' 9 is proportional to 
AP/AF, independent of the thickness "t" of the specimen. 
1 5 Therefore, AP/AF, obtained at step 5, forms a value that is correlated with 

the moisture percentage. When a calibration line is preliminarily prepared in the 
same manner as Example 1 , the moisture content is found from AP/AF through 
this calibration line (step 6). 

20 Example 3 
[0062] 

The following description will discuss a method by which, with respect to a 
specimen such as a coated film, having a single coat layer or multiple coat 
layers formed on one face or both of the faces of a film serving as a base 
25 substrate, the moisture content of each of the layers is found. 
[0063] 

(Measurement on As' ' of coat layer) 

A specimen prepared by forming a first coat layer on a PET film and an 
uncoated PET film were moistened under normal temperature and normal 
30 humidity and each of dielectric loss factors s' 9 wet under a state in which 
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moisture had reached an equilibrium state were measured by using a molecular 
orientation meter. Based upon the relationship in dielectric loss factors 
between the specimen bearing the first coat layer and the uncoated film, the 
dielectric loss factor e' 9 fr^ coat layer wet under normal temperature and normal 
5 humidity with respect to the first coat layer was obtained. Next the dielectric 
loss factor e' ' ^ in a state in which moisture had been sufficiently removed was 
measured by using a molecular orientation meter so that the dielectric loss 
factor s' ' fr^ coat layer ovy ' n ^ e state in which moisture had been removed was 
obtained in the same manner. Here, a difference Ae' ' ^coat layer between the 

1 0 two factors corresponds to a moisture content (that is, moisture percentage) 
per unit volume of the first coat layer. 

By carrying out the same processes, the dielectric loss factors Ae' " secon6 
^ ^ Ae' ' tHrd 1^ of the second, third, ■■■ coat layers are obtained. 
These values are inherent physical values measured under normal temperature 

1 5 and normal humidity conditions. 
[0064] 

(Measurements of thickness) 

The thickness t^ of a base film, the thicknesses of respective coat layers 
tfr^tcoatbyer tsecond coat layer t*rd coat kyer and the total thickness t^ are preliminarily 
20 measured through a thickness meter, amounts of respective coat layers and the 
like. 
[0065] 

(Calculation of moisture percentage on respective coat layers) 

Referring to Fig. 1 6, the following description will discuss a sequence of 
25 measurements. 

At step 1 , in a state without a specimen (blank), a resonance peak level P 0 
is preliminarily measured. 

At step 2, a resonance peak level P s of a specimen constituted by coated 
films having one layer or a plurality of layers is measured. 
30 [0066] 
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At step 3, a difference AP^C^ P 0 - P s ) in the two peak levels is 
calculated. 

Here, the following description will discuss the rate of distribution of 
moisture content contained in the base film and respective coat layers to the 
5 total moisture content contained in the entire coated films. When moisture 
among the coat layers has reached an equilibrium state, supposing that the total 
moisture content is represented by "W", the following equation (5) is obtained 
by using Ae' ' and the thickness t of each of the layers. 

W — AC base'^base + AC first coat layer "^first coat layer + ^£ second coat layer'^second coat layer ~*~ 
10 ^ S third coat layer'^third coat layer + ®) 

Therefore, the rate of distribution R x to each of the layers is indicated by 
the following equation (6): 

R x = Ae' x -t x /W (6) 
Here, X represents the base film or any one of the coat layers. 
15 [0067] 

At step 4, by using the above-mentioned sequence of processes, the rate 
of moisture distribution for each of the layers is obtained based upon Ac' ' and 
thickness "t" of each of the layers. 

Moreover, since AP^ is proportional to the total moisture content of the 
20 coated film, the moisture content of each of the layers is indicated by a value 
that is in proportion to AP X found by the following equation (7)(step 5): 

AP X = AP^ x R x (7) 

Therefore, AP x /t x forms a value that is correlated with the moisture 
percentage of each of the layers (step 6). 
25 In the case of on-line measurements, steps 2 to 6 are repeated at the 

same rate of time. 

Example 4 
[0068] 

30 The following description will discuss a sequence of measuring processes 
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upon conducting a temperature correction. 
(Temperature correction in blank state) 

A microwave cavity resonator is placed in a room which is temperature 
and humidity-controlled, and the room conditions are controlled to a desired 
5 environment After a sufficient period of time has been elapsed, 

measurements are carried out in the blank state (without using any specimen). 
Next, the temperature is raised by 5° C while the absolute humidity is 
maintained so as not to change. After a sufficient period of time has been 
elapsed, measurements are again carried out in the blank state. In the same 

1 0 manner, values in the blank state are measured after a further temperature rise 
of 5° C as well as after a temperature rise of 1 0° C. Fig. 1 7 is a graph that 
indicates fluctuations in the blank value obtained by setting the initial 
temperature to 1 5° C and by raising the temperature 5° C at a time. In this 
case, the absolute humidity is set to a constant value at 9.0 g/m 3 . When this 

1 5 graph is second-order approximated by using a least square method, the 
following quadratic equation is obtained: y = a^ 2 + b^ + c 0 . Here, ao and b 0 
serve as coefficients used for carrying out temperature corrections, and a 
correction equation used for conducting temperature corrections is represented 
by the following equation (8). Here, the value obtained through this equation is 

20 a peak level (peak level after correction) upon conversion to a reference 
temperature X (° C). 

P 0 ' =Po + ao x (X-Tq) 2 x b 0 x (X-To) (8) 
Here, P 0 ' represents a peak level after correction, P 0 represents a peak level 
before correction, X represents a reference temperature, T 0 represents a 

25 temperature of the wave guide, and and b 0 represent correction coefficients 
upon measurements in the blank state. 
[0069] 

(Temperature correction upon measurements) 

Under the same surrounding conditions, the resonance peak level P s of 
30 specimens to be measured and wave guide temperature T s are measured. 
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Based upon the gradient of a graph in Fig. 1 8 drawn in the same manner as Fig. 
1 7, correction coefficients a s and b s to be used upon measuring a specimen are 
found. Therefore, the correction equation used for the temperature correction 
upon measuring the specimen is represented by the following equation (9). 
5 Here, the value obtained through this equation is a peak level (peak level after 
correction) upon conversion to a reference temperature X (° C). 

Ps' = P s + a s x (X - T s f x b s x (X - T s ) (9) 
Here, P s ' represents a peak level after correction, P s represents a peak level 
before correction, X represents a reference temperature, T s represents a 
1 0 temperature of the wave guide. 
[0070] 

(Calculation of AP) 

As described earlier, the difference AP in peak levels is indicated byAP = 
P 0 - P s , and in the same manner, AP' , obtained after the temperature 

1 5 correction, is indicated byAP' = P f 0 - P s ' . 

The advantage of this correction is that, even under conditions in which 
temperatures are extremely different, such as summer time and winter time, by 
determining a certain reference temperature, values can be compared as those 
obtained at the reference temperature. Moreover, this correction is 

20 particularly effective in the case when, after carrying out the blank 

measurement, continuous on-line measuring processes are carried out In 
other words, even in the case when, with respect to the wave guide 
temperature obtained in the blank measurement, the wave guide temperature 
either rises or drops gradually during on-line measurements, by detecting the 

25 wave guide temperature at that point of time, the peak level at the reference 
temperature is calculated from equation (8), without having to newly measure 
the peak level at the time of the blank measurement, and with respect to the 
peak level at the time of the specimen measurement, the peak level at the 
reference temperature is simultaneously calculated based upon equation (9) by 

30 detecting the wave guide temperature. In this case, a means used for 



successively detecting the wave guide temperature may be installed (for 
example, a thermocouple is bonded to the wave guide side face) and a program 
which conducts the above-mentioned calculations is installed in the computer 
so that upon on-line measurements, the value of AP is measured 
5 instantaneously at a desired reference temperature. Alternatively, the 

temperature in the vicinity of the slit and the temperature of the specimen may 
be measured in place of the wave guide temperature. The temperature of the 
specimen or the like is preferably measured by using a non-contact 
temperature detector. 

10 In the case when the moisture content is on-line measured, by utilizing the 

results, feed-back controlling operations can be carried out to adjust the 
moisture content of a coating solution for use in forming a coat layer and also 
to adjust the drying conditions of the coat layer, for example, adjustments on 
the drying temperature of a drier, the amount of air flow, etc. 

15 [0071] 

Fig. 1 9 shows the wave guide temperature and AP values before and after 
the temperature correction with respect to 14 specimens (in which specimen 
numbers are indicated on the axis of abscissa as roll numbers (serial number)) 
of the same kind that have been on-line measured. After the temperature 
20 correction, the AP values are maintained within a virtually fixed range of values 
so that the effects of the temperature correction are clearly exerted. 

INDUSTRIAL APPLICABILITY 
[0072] 

25 The present invention makes it possible to measure the moisture content 

or moisture percentage of a sheet-shaped material such as a coated film in 
which a film is used as a base substrate, with a coat layer being formed on the 
film, and is also utilized for measurements on the dried state of a coat layer 
during a printing process. Moreover, the present invention is easily applied to 

30 an on-line system, and utilized for process managements such as printing 



processes. 



BRIEF DESCRIPTIONS OF THE DRAWINGS 
[0073] 

5 Fig. 1 is a schematic structural drawing that shows one embodiment of a 

moisture content measuring device. 

Fig. 2 is a schematic structural drawing that shows a first example of a 
microwave cavity resonator used in the present invention. 

Fig. 3 is a schematic structural drawing that shows a second example of a 
1 0 microwave cavity resonator used in the present invention. 

Fig. 4 is a graph that shows a resonance curve obtained by resonance of 
the microwave cavity resonator. 

Fig. 5 is a drawing that indicates an equivalent circuit diagram and a 
resonance curve, which explain a principle of resonance in the microwave cavity 
1 5 resonator. 

Fig. 6 is a block diagram that shows a structure of the embodiment 

Fig. 7 is a time chart that shows operations of the embodiment 

Fig. 8 is a schematic structural drawing that shows one embodiment of a 

moisture content measuring device of an on-line type. 
20 Figs. 9(A) and 9(B) are perspective views that show a state in which 

guides are attached to an end portion on the slit side of a wave guide. 

Fig. 1 0(A) is a perspective sectional view of a rectangular wave guide; Figs. 

10(B) to 10(D) are drawings that show electromagnetic field distributions inside 

a cavity resonator in the case of TE 103 mode; Fig. 10(B) is a sectional view 
25 showing an XY face; Fig. 10(C) is a sectional view showing a YZ face; and Fig. 

10(B) is a sectional view showing an XZ face. 

Fig. 1 1 is a front view that shows a state in which a cavity resonator 1 is 

allowed to move. 

Figs. 1 2 are schematic structural drawings that show the entire measuring 
30 system of the embodiment; Fig. 1 2(A) shows a save position; and Fig. 1 2(B) 
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shows a measuring position. 

Fig. 1 3 is a block diagram that shows a part used for carrying out a 
temperature correcting process. 

Fig. 1 4 is a flow chart that shows one example of operations in the 
5 embodiment 

Fig. 1 5 is a flow chart that shows another example of operations in the 
embodiment 

Fig. 1 6 is a flow chart that shows the other example of operations in the 
embodiment 

1 0 Fig. 1 7 is a graph that shows a temperature dependency in a blank state. 

Fig. 1 8 is a graph that shows a temperature dependency upon measuring a 
specimen. 

Fig. 1 9 is a graph that shows the results of temperature corrections. 



1 5 EXPLANATIONS OF NUMERALS 
[0074] 

1 Cavity resonator 
2A, 2B Wave guide 

4a, 4b Resonator portion of wave guide 
20 6a, 6b, 1 6a, 1 6b Traveling-wave portion of wave guide portion 
8a, 8b Iris plates 
1 0 Specimen 
12 Slit 

14a, 14b Antenna 
25 20 Microwave sweep oscillator 
22 Detector 

24 Amplifier-A/D converter 
30 Peak level detector 
32 Resonance frequency detector 
30 34 Operation unit 



40 Temperature sensor 

42 Temperature dependency value storage unit 

44 Data processing unit 

46 Correction means 
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